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Superiority of Transesophageal Echocardiography in Detecting
Cardiac Source of Embolism in Patients With Cerebral Ischemia of
Uncertain Etiology
ANTHONY C . PEARSON, MD, FACC,*f ARTHUR J
. LABOVITZ, MD . FACC,*
SATYARARAYAN TATINEN], MD,* CAMILO R. GOMEZ, MD$
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The diagnostic yield of transecuphageal and transdmacie ecko-
cardiography fur identifying a cardiac source of embolism was
compared in 79 patients presenting with unexplained stroke or
transient isehemic attack. There were 35 men and 44 women with
a mean age of 59 years (range 17 to 94); 52'S
had dinicat cardiac
disease. Beth teansthoracle and Iransesnphapeal
echocardiograms
were performed minx Doppler color sow and contrast imaging
.
Trunsaaphageal echueardiugrapky identified a potential card®c
sourecof embolism in 57% of the overall study group compared with
omy
15%
by trensmoroeic echocardlography (p < 0.0005) . Com-
pared with transthnracic schovardtography, traucesophageal echo •
cardiography mare frequently Idenfhed atrial sepral areurysm
associated with a patent foramen
mall
versos 1 or79patients, p <
0-005), left atftal thrombus or itmier (h versus 0 of 79 patients, p <
0.05) and left airtal sposltmeaus rout.ant (13 verses 0 &1 `79 patients,
p
<
0 .0005) . AU canon oflell atria] lhrombusorspontaneume®trast
were identified in patients with clinically identified cardiac dt~eme
.
Approximately one-sixth of all cerebral infarcts arc due to
cerebral embolism of cardiac origin Ill
.
Despite this, the
standard surface two-dimensional echocardiograpnic exam-
ination of patients with embolic stroke is usually unreward-
ing in identifying potential cardiac embolic sources (2-4).
Transesophageal echocardiography has recently emerged as
a very promising tool for identifying cardiac sources of
embolism. Recentstudies have demonslratedthat transesoph-
ageal echocardiography is much more sensitive than tran-
sthoracic echocardiography in detecting left atrial thrombus,
especially in the left atrial appendage (5), and actual septa]
defect (6) . two potential causes of cardiogenic embolism.
This study was designed to evaluate the utility of trans-
esophageal echocardiography in patients presenting with
unexplained stroke and compare the diagnostic yield of
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hi the 38 patients with no cardiac disease, iraasesophagonl
echocardiography identified isolated atrial septa] aneurysm and
atrial septa) aneurysm with a patent foramen ovals more fre-
quently than Iraasthoracic echocardiography (8 versus 2 of 38
patients, p < OA5). The two techniques had a shnllar rate of
identifying apical thrombus and mural calve prelapse . Overall,
transesophageal echocardiography identified ahwrniallties in
39 :0 of patients with no cardiac disease versus 19% for
tranethoc raric eehocnrdlography (p < 0.005) .
Thus, transesophageal echocardiography identifies potential
cardiac sources of embolism
in the mgjorily of patients presenting
with mexplained stroke. Even u patients with no clinical he are
disease the diagnostic yield of
feansesaphageal echocardiography
Is 394x . The use of iransesnphageal echueardio uraphy In patients
with unexplained stroke, even In 111095
with a normal lrausthd-
racie echocardiogram, should be recommended
.
(J
Am Coll Cordial 1991 ;17:66-72)
transesephageal end transtharacic echocardiography in this
group of patients .
Methods
Study group . Between September 1988 and August 1989,
all patients admitted to the stroke service of our institution
with the diagnosis of cerebral infarction or transient isch-
emic attack of uncertain etiology were prospectively en-
rolled in the study. The study group consisted of 35 men and
44 women with a mean age of 59 years (range 17 to 84) .
Fifty-two percent had clinical cardiac disease and 48% were
free of clinically identifiable cardiovascular disease as as-
sessed by history, physical cxaminotion. electrocardiogram
and chest roenigeecgram . Atrial fibrillation was present in
14% . coronary artery disease in 1856 and valvular disease in
20e% of the study group .
Echneardiagraphic examinations. Ali patients underwent
both transthoracie and transesuphageal imaging with con-
trast administration and Doppler color dow Imaging . All
studies were recorded on 112 inch (0 .27 can; VHS videotape
for subsequent playback and analysis . Transtlloracic echo-
cardiography was performed within 3 days (usually 24 h afrcr
0735.1097avsrs0
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Figure I . 'l'ranstsophageal echocardiographic four chamber view
demonstrating a large atria) ILA) sepal aneurysm . The base mca.
sums 3 .6 em in length : the excursion i, '_ .I c
	
A base diameter
>1 .5 em and an excursion
>1 .5 em wore required to dtagno,e steal
septa) aneurysm . RA = right atrium
l transesophageal echocardiography) using several commer-
cially
available ultrasound systems with " to 3 .5 3lHz
imaging transducers . Standard views including purasternal
long- and short-axis, apical two and Four chamber and
subeostal four chamber views were obtained in all patients .
Trnnsesaphageal ecimcardiopraplty was performed with
the patient in the fasting stale using small nmeunts of
intravenous sedation and topical pharyngeal anesthesia . All
studies were performed using the Hewlcit Packard 5 hula
transesophageal eehocardiographic probe mounted on the
end of a 100 cm flexible gastroscope. Standard view, were
recorded in all patients.
Contrast imaging was performed diving bath sur(ue and
fransesophagee) echocardiography . Saline solution 110 mh
was mixed with a small amount of air and agitated by
vigorous passage between two 12 ml syringes through a
three-way stopcock . Three injections of agitated satins so-
lotion were then performed througi an 18 gauge catheter in
The antecnbital vein during normal respiration- a series of
coughs and the Valsalva maneuver . The transthoracic
echocardiogram was read by in independent experienced
reader blinded to the results of tram sese.nha eeal echlJcardiog-
raphy. The transesophagcal echocardiogram was read by a
second independent experienced reader blinded to the re-
sults oftransthorucic echocardiography .
The preserve of tfre lloaivq Irsiuna .- reeled : I1 left
atria) or ventricular thrombus or tumor associated with a
patent foramen ovale (defined as the passage of two or more
microbubbles into the left all turn within three cardiac cycles
of contrast opacification of the right atrium in the absence of
a visual defect in the atria) septum( : L atrlal sepmt defect
(drained as a break in the connnmly of the atria( septum
accompanied by Doppler color Mw evidence of left to right
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Figure I . Irnnsesophageal echtxardrographic short-axi, view re .
c
corded
dunng contrast onwging- Shuntmgawss the patent foramen
ca nto
-elated
with artist septal aneurysm is demonstrated . The
right arrium IRA) is opneided by miembulthles, and many micmhub-
hles are noted to the left atrium (L AL A0 = aorta
.
ehoutieg and contrast echocardiographic evidence of right to
left shunting) : 3) mitral valve prolapse (defined from the
transthoracic echocardiogram as a score > 3 using our pre-
atous reported criteria (7) and from the transesophagcal
echocardiogram as >3 mm bowing of the leaflets beyond the
miual anulus plane in the four chamber view) ; 4) left atria)
=_ponlancous contrast (defined as dynamic swirling intracav-
imry eohncs) ; and 5) atrial septa) aneurysm (defined accord-
ing to criteria published 181 for surface echocardiograms as
demonstrated in Fig . I).
Statistical methods. Comparison of the relative preva-
lence of each potential cardiac .source of embolism was made
by chi-square analysis . A p value <0 .(15 was considered
significant .
Results
Atria) septal aneurysm and patent Itramen ovum (Fig.
2) .Thc prevalence of the predefined potential cardiac
sources of embolism as diagnosed by transthoraeie echocar-
diography and transesophageal echocardiography is demon-
strated in Table I . By transthoracic echocardiography, one
isolated atrial septa) aneurysm and one atria) septal aneu-
rysm associated with a patent foramen ovals were identified .
'fmnsesnphageal echocardiography identified four isolated
atrlal sr,tat aneurysms and Mine atrial septal aneurysms
associated with a patent foramen ovals (p < 0 .005 versus
transthoracic echocardiography) . Two of these atria) septal
earcurvvms with right to left
shunting
also demonstrated
small iS and 1n mm, respectively) defects in the atrial
68
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Table 1 . Cardiac Sources of Embolism by Echocardiography in 79
Patients With Transient Isahertie Attack or Stroflo
ASA = am ial
sepal
aneury•.m : PFO - patent lawman ,at .
septum, with Doppler color flow evidence of left to right
shunting consistent with an atrial septa) defect
. By transtho-
racit echocardiography, three patients had an isolated patent
foramen ovale, whereas transesophageal echocardiography
identified four patients with an isolated patent foramen ovule
and a normal-appearing atrial septum (p = NS) .
Left atrial thrombus (Fig. 3 and 4) . Transthoracic eche-
cardiography identified no atria] masses, whereas trans-
esophageal echocardiography identified
left
atrial thrombus
in five patients and a left atnal myxuma in one (p < 0,051
.
Four of the atrial thrombi identified by transesophageal
echocardiography were in the left atrial appendage . Sponta-
neous contrast in the left atrium was noted in 13 patients by
transesophageal echocardiography and in none by transtho-
racic echocardiography
; 7 of these 13 patients were in atrial
fibrillation . The clinical characteristics of the patients with
left atrial thrombus are listed in Table 2 . All these patients
had either atrial fibrillation or
mitral valve disease, or both .
Mitral valve prolapse was identified in five patients by
Iransesophageal echocardiography and in three patients by
Iransthoraeic echocardiography (p = NS) . Left ventricular
apical thrombus was identified in two patients by trans-
Figure 3
. Transesophagealechocardiogramrecorded from agodson
with left atrial (LA) myxoma (Mass)
. AO = aorta ; MV = mitral
valve.
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Figure 4
. Transesophageal short-axis view demonstrating the left
atria[ appendage (LAA) containing spontaneous contrast (se) and a
small thrombus (arrows) . Abbre:
:.-:ans as in Figure 2 .
esophageal echocardiography and in four patients by trans,
thoracic echocardiography (p = NS) .
Transesophageal versus transtharaeic echocardiography .
In 57% of the study group, a potential cardiac source of
embolism was identified by transesophageal echocardiog-
raphy compared with only 15% by transthoracic echocar-
diography (p < 011005) . In the 39 patients with no clinical
cardiac disease (Table 3)
. potential cardiac sources of em-
bolism were identified
in
39% by transesophageal echo-
cardiogrnphy compared with only 19% by translhoracic
echocardiography (p
-f
0.0051. Transesaphageal echocar-
diography was superinrto transtheracic echocardiography in
detecting isolated atrial septal aneurysm (p < 0 .05) and atria]
seplal aneurysm with a patent foramen ovate (p < 0 .05).
Transesophageal echocardiography detected atrial septal
aneurysm or patent foramen ovale, or both, in 31% of this
group compared with II% for trans(horacic echocardiog-
raphy (p < 0
.005) . There were no cases of left atrial or apical
Table 2
. Clinical Characteristics of Six Patients Wish Left Atdat
Thrombus or Tumor by Transesophageat Echocardiography
`Patient 1 had a prosthetic mieal valve (PMV). AF = atrial fibrillation;
Aso - atrial serial defect
: CABG = coronary artery bypass grafting :
CARD _
clinical cardiac disease : CVA = certbrovasccIer accident ;
F =
female :
LAM = left atrial myxoma ; LAT = left atrial thrombus ; M = mate ;
MI = myocardial infarction: MS = mural slenusis :
N = no: PI = patient ;
SC = spontaneous contrast : SIP = statuslposn TIA = transient ischemic
attack; W = white; Y - yes.
A
No.
Finding
Ate (yr);
Center Race AF CVA/fl,
CARD SC
I' LAT 681F W F
CVA
PMV V
2 LAT 6NF W
Y
TIA
ST ASD Y
J LAT 841F w y TIA AF y
4 LAT 68(M W Y CVA SIP CABG Y
5 LAT 521F W N CVA MS N
6 LAM 631M W N CYA SIP Ml
N
Transesophugael
_
Transthorooc p VaIue
Atealseptetaneueysm 415/1 I 11%l Ns
Palest foramen ovate 415% 3 A5%) NS
ASA with PFD
9(11%) 10%) <0.005
ltn alas) Ihmmbusltumnr 6169/1
0 (0%r) <0.05
Left
atrial spontaneous
coNmst
131169/I
0 (0%) <0.0005
Apicallhrombus 21571 4(590) NS
Mitral valve pralaps
51671 3 f4%) NS
Noncontributory
34143%)
63(95%)
<0
.0005
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Table 3 . Cardiac Sources of Embolism by Echocardiography in
39 Patients Without Cardiac Disease
. Transient Ischemic Attack
or Stroke
Abbrerialions as in Table I .
thrombus in the group of patients with no clinical cardiac
disease. Mitral valve prolapse was diagnosed in three pa-
tients by both transthoracic and transesophagcal echocar-
diography .
Discussion
Previous studies with transthoracle rehoeardtography . Al-
though cardiogenic embolism to the brain may be responsi-
ble for -°Z0% of iscltemic strokes, the search for cardiac
sources of embolism is typically unrewarding In young
patients with ischemic stroke . the cause remains undefined
in s35% of cases. Despite the well-documented sensitivity
of surface echocardiography in detecting most types of
Intracardiac masses (9), several investigators have demon-
strated a Low yield of the surface examination even in
patients with presumed embolic stroke . Invert et at . (3)
studied 138 patients with focal cerebral ischemia in whom a
cardiac mechanism was suspected . Intracardiac thrombus
was detected in only nine patients (6.5%), all of whom had
clinical cardiac disease or atrial fibrillation, or both . With the
exception of one possible intracardiac thrombus, studies in
the 55 patients without clinical cardiac disease were noncon-
tributory
. In three patients, unsuspected mitral valve pro-
lapse was identified. No cases of atrial septa] aneurysm or
patent foramen ovate were identified ; however, contrast
studies were not routine in this study .
Present study of transesnphageal versus transthoraeie echo-
eardiogeojsby . The present study confirms the limited utility
of transtheracic echocardiography in detecting cardiac
sources of embolism
. Only 15% of the entire study group and
19% of the patients with no clinical cardiac disease had such
sources identified by transthoracic echocardiography
. In
contrast, trausesopllageal echocardiography diagnosed po-
tential embolic sources in 57% of the total group and 39°'0, of
the group without clinical cardiac disease
. Transesephageal
echocardiography appears superior to Iransthoracie echo-
cardiography in detecting atrial septal aneurysm, patent
foramen ovule, left atrial thrombus and left alriat spootauc-
ous contrast . All four of these lesions are related to either the
left atrium or atrial septum, two structures that are best
PEARSON ET AL.
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visualized by transesophageal echocardiography as a result
of their posterior location .
Left atria] thrombus. The strong association between
atrial fibrillation and rheumatic mitral valve disease and
stroke is thought to be due to atrial thrombus formation
secondary to stasis followed by emholization (10) . Transtho-
racic echocardiography demonstrates a sensitivity of only
33% to 59%o for detection of left atrial thrombus and is
particularly insensitive to left atrial appendage thrombus
(10-12) . Recent studies (5) indicate that transesophageal
echocardiography is extremely accurate in the diagnosis of
left atrial thrombus and much more sensitive than transtho-
racic echocardiography, especially for left atrial appendage
thrombi . The present study confirms the superiority of
transesophageal echocardiography for detection of left alrial
appendage thrombus. Left atria] thrombus was found only in
patients with clinical cardiac disease. In patients without
either orrial fibrillation or mill valve disease, the yield of
transesophageal echocardiography for thrombus appears
very low
.
Left atrial spontaneous contrast
. Left atrial spontaneous
contrast is a fascinating echocardiographic phenomenon
initially described (13) with lransthoraeiC echocardiography
in an enlarged aneurysmal left ventricle . These rare "smoke-
like" echoes are experimentally (14) and clinically (15)
related to low flow states . With higher frequency 5 MHz
tiansesophageal echocardiography, left atrial spontaneous
contrast is frequently noted in the left atrium of patients with
mitrl valve disease or atrial fibrillation
. Daniel et al . (16)
found that patients with left atrial spontaneous contrast had
a significantly more frequent history of arterial emholization
and a significantly increased incidence of left atrial thrombus
than did patients without this phenomenon . In our labora-
tory (17), we have found left atrial spontaneous contrast to
be present with much greater frequency in patients with
cerebral ischemia (52% versus 23%. p < 0.05). For these
reasons . left atrial spontaneous contrast has been cited as a
risk factor for arterial eetbolism.
Left
atrial spontaneous contrast wasfoand in the present
study ooh in patients with clinical cardiac disease . These
patients were characterized by a history of atrial fibrillation,
mitral valve disease or replacement, or both. This group of
patients is at an increased thromboembolic risk . It has not
been demonstrated in a prospective study what independent
risk for thromboembolism left atrial spontaneous contrast
adds to the underlying cardiac disease or what therapy may
he appropriate when left atrial spontaneous contrast is found
in the absence of left atrial thrombus .
Patent foramen ovate. Autopsy studies (18) demonstrate
an overall prevalence of patent foramen ovate of 27%, with
the percent decreasing with age from 34%n during the first
three decades of life to 25% during the fourth through eighth
decades. Paradoxic embolism across a patent foramen ovate
has long been implicated as a cause of stroke, and several
studies using surface contrast echocardiography have dem-
onstrated an increased prevalence of patent foramen ovate in
Transesophapeni Transthoacic I, Value
.Atriar septal aneurysm 3 (S%i
1 (3%) N5
Patent foramen orate 400%) 2(5%) NS
ASA with PFO 5 (13%) 1(3%) <0
.05
Left atria] thrombusltam,r 0 (0µ7i 0 (0%) N5
Left
.trial
sportancon,
contras)
0 40%) 0 (04%) NS
Apical thranbus 0(0%)
n
Ir.]
NS
Mail
valesprch(se
3 18%)
31000) NS
Noncmartbamry 23(6390) 310019) <am5
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patients with stroke . Harvey et al . (19) studied I I patients
<50 years of age with unexplained stroke and no cardiac
disease using surface contrast echocardiography during the
Valsalva maneuver. They (19) observed right to left shunting
during normal respiration in eight patients. Five of their six
patients with contrast shunting underwent cardiac catheter-
ization that documented a patent foramen ovale or atria)
septa) defect : four of these five eventually had surgery where
a 5 to 10 mm patent foramen ovate in three and an 8 mm
a
.rial septa) defect in one were closed . Lechat et al . (20)
studied the prevalence of patent foramen ovate in 60 adults
<55 years of age with ischemic stroke and normal cardiac
findings in comparison with a control group of 100 patients
undergoing posterior fdssa surgery, The prevalence of a
patent foramen ovale was significantly higher in the patients
with stroke (40%) than in the control group (10%, p < 0
.[811) .
The prevalence of a patent foramen ovate was particularly
high (54%) in the 26 patients with no identifiable cause or risk
factor for stroke (mitral valve prolapse. history of migraine
or use of oral contraceptives) .
In the current study, the prevalence of a patent foramen
ovate by transthoracic echocardiography war considerably
lower (5% overall and 8% in the subgroup with no clinical
cardiac disease) than reported in these previous studies
(1820). This lower prevalence may be explained by differ-
ences in patient groups. There was no requirement for
technical adequacy of the surface echocardiogram in the
current study, whereas 14% of patients were excluded from
the study of Lechat et al . (20) for this reason. In addition, the
patients in the latter study were younger than our study
patients (mean age 39 years compared with 57 years for the
entire current study group and 52 years for the current
subgroup without cardiac disease), and young patients with
stroke are thought to have a higher yield of cardiogenic
source of embolism. Finally, younger subjects have a higher
prevalence of a patent foramen ovale and are usually easier
to image echocardiographically than older subjects .
The diagnosis ofa patent foramen ovate was significantly
higher by sranaesophagea) echocardiography
than transtho-
racic echocardiography. This may be due to at least three
technical factors : 1) superior visualization of the atria and
aerial septum with transesophageal echocardiography be-
cause of the location of these structures in the "near field"
and absence of chest wall acoustic interference ; 2) absence
of lung interference during Valsalva or cough maneuvers,
thus allowing continuous imaging of right and left atria
during such maneuvers; and 3) ability to confirm increased
right atrial pressure and elevated right atrial/left atria) pres-
sure gradient manifested by movement of the atrial septum
toward the left atrium.
Atria] septal aneurysm. Atrial septat aneurysms involve
the septum primum and arise from redundant valve tissue of
the foramen ovate bulging through the fesso ovalts into either
the right or left atrium (21). Originally described only at
autopsy, with the widespread use of transthoracic echocar-
diography atrial septa) aneurysm has been noted in 51% of
JAM Vol . 17, No. I
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routine studies . Recent studies (22,23) have described an
association between atrial septa) aneurysm and systemic
embolic events . Gallet et al . (22) diagnosed 10 cases of atrial
septal aneurysm by transthoracic echocardiography over a 3
year period. Three patients had initial valve prolapse, three
had atrial septal defect and two of the remaining four
patients had a systemic embolic event . Belkin et al . (23)
identified 36 patients over a 27 month period with atria)
septa) aneurysm by transthoracic echocardiography .• 90%
had interatrial shunting demonstrated by contrast studies
and 22% had a definite or possible embolic event . Hanley et
al . (8) observed a cerebrovascular event in 16 patients in a
consecutive series of 80 patients with atria) septal aneurysm
detected by transthoracic echocardiography,
Two mechanisms have been proposed for the association
between atriat septal aneurysm and .stroke. Several authors
(21) have hypothesized that thrombus arising from the atria)
septa) aneurysm is responsible on the basis of frequent
finding at autopsy of fibrin-thrombus tags on the convex
surface of the aneurysm. However, none of the atrial septa)
aneurysms we visualized contained defects that resembled
thrombus . The other mechanism involves paradoxic embo-
lism across an associated patent foramen ovule or atrial
septal defect . As in previous studies using transthoracic
echocardiography, the present study confirms the strong
association between atria) septa] aneurysm and a patent
foramen ovale or atria) septal defect .
Other cardiac lesions . In the current study, Initial valve
prolapse was diagnosed by both echocardiographic methods at
a similar rate (4% to 6% overall and 8% in patients without
clinical cardiac disease). Mitral valve prolapse has been diag-
nosed in several studies (24) in >30% of young adults with
otherwise unexplained stroke or transient ischemia attack . A
cardioembolic mechanism for a cerebral event associated with
mitral valve prolapse is supported by pathologic studies, case
reports and case control analysis of risk factors (1). However,
recent work by Levine et al . (25) suggests that mitral valve
prolapse has been overdiagnosed by transthoracic echocar-
diography because of a saddle-shaped mitral anulus configura-
tion that results in apparent leaflet displacement in the four
chamber view in normal subjects . Because transesophageal
echocardiography views the mitral valve from the four cham-
ber equivalent plane, it may be equally susceptible to overdiag-
nosis of mitral valve prolapse .
In a preliminary report of the European Multicenter
Study of Tratlsesophageal Echocardiography in 479 cases of
unexplained arterial embolism, Daniel et al. (26) reported
finding mitral valve prolapse significantly more frequently by
transesophagealechocardiography (n = 63) versus transtho-
racic echocardiography (n a 44) . Zenker et al . (27) recently
reported using transesophageal and transthoracic echocar-
diography in 4U young patients (mean age 35 years) with
stroke, They diagnosed mitral valve prolapse by transesoph-
ageal echocardiography in 24 patients compared with 20 by
transthoracic echocardiography. This prevalence was signif-
icantly higher than in the control group (17% by transesoph-
5ACC Vol . 17, No . I
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ageal echocardiography) . Until strict diagnostic criteria for
mitral valve prolapse by trnnsesophageal echocardiography
have been established . we recommend caution in making
this diagnosis by ransesophageal echocardiography in the
absence of corroborative transthuracic echocardiographlc
evidence .
Apical thrombus Iran diagnosed at an equivalent rate by
both techniques Transthoracic echocardiography has a well-
documented (281 high sensitivity and specificity for detecting
apical thrombus . The sensitivity of transesophageal echocar-
diography is not known, but may be limited because of the
distance of the left ventricular apex from the transducer .
Limitations . The diagnosis of embolic stroke is notori-
ously difficult . Neurologic features such as abrupt onset or
seizures are nonspecific . Neither computed tomographic
scans nor cerebrospinal fluid examination can confirm the
diagnosis . The mainstay of diagnosis remains "the presence
of a potential eardioembolic source in the absence of core
brovascular disease in a patient with non-lacunar stroke"
(1) . Even this criterion can be questioned because embolic
strokes occasionally are lacunar and frequently occur coex-
istent with carotid atherosclerotic disease . For these rea-
sons, our study group may have included patients with
noncardioembolic strokes . We believe the study group is
.
however, representative of those patients presenting to a
tertiary care neurologic service with suspected embolic
stroke and, therefore, the results should have widespread
clinical application .
There inns no independent
eonfirmnriao of the lesions
identified by nansesophagen( en hocurdiography
.
These
data. therefore . do
not determine the relative accuracy of the
two techniques for any specific cardiac lesion
. However,
previous studies have established the high accuracy of
transesophageal echocardiography for detecting left aerial
thrombus
. Several preliminary reports have also indicated
transesophageal echocardiography to he superior to trans-
thoracic echocardiography for identifying patent foramen
ovale and atria] septal aneurysm.
Conclusions . In patients presenting with unexplained
stroke, transesophageal echocardiography identifies poten-
tial cardiac sources of embolism in 57-r of cases compared
with 15% by Iranstboracic echocardiography . Even in pa-
tients with no clinical cardiac disease . the diagnostic yield of
transesophageal echocardiography approaches 40"? . In view
of the high prevalence of patent foramen ovate in normal
s :b,ecls. The clinical significance of this lesion must be
decided on a case by ease basis . However. the use of
transesophageal echocardiography in patients with
unex-
plained
serge- even in those with a normal translhoracic
echocardiogram- should he recommended
.
WcuckruwkdgrthcwpnLmoistaiceotN-s vulin'an .RN,ndNor
Ujile. HN rn the p ertian.mc. , :t the, out.in . e,rod stargurire RichurJ, a the
prepamnrn it the munusceipL
PEARSON ET AL .
	
71
TRA%5ESUPH N(EAL ECH0CARD10GRAPHY IN STRt)KE
References
I
. A"""" titer Dyken ML. Fisher 57 . Hat RU - Strand& DG . Cardiogenin
bon ntind,im : the second report of the Cerebral Embolism Tart Finer
.
inch Nenml 1909,46."_7-a? .
' B, 1,, 1 . h,hnsou MO .kaems HP Kent,, RL I - oanl GI 13.0,r %it
Echocardogmphic evaluation or ynung adults with nonhemorrhagic ce-
reM1r,J irf-,ion. Stroke 1946 :1%:608-12
s Lmeu Jr . Sondok BA . Giuliani ER . Nasur FS . TwtrAmenslorul
echocnrdmeraphy m points with focal cerebral rehemia . Ann Intern
Me4 1981
:91
:1-4
,
4 Greentund P, Knapman DS, 0,1,11 FL. Aringr RW. Anderson DC .
Goal DC . Echocardirerapsy in dneeno,tic assessmerl of stroke . Ann
Worn sled 198195 :51-3 .
5 . A,chtnbnnnW .SchluterM-Kremer?.SchrnderE.SittowV .BkifeldW .
Tranu,ophageal twodimensronal whocardiagrphv far the delecor, of
left aria) epperidage thrombus . I Am Coll Candid 1906:7,163-6
.
6 . Hanrarh P . Schluter M . Laneenstein BA . A
A
. Detection of odium
cund, m aunal septal dell by trznsesnphae_eal cras .uniorul echo-
aondln¢raphy. Br Heart 1 1983 :&9:3`0-8-
2 Lab-u,
AJ,
warms
CA . Pb .,..
AC . Clmlcat signiSaanee of me
nchocardmgmphic degree er mural vase pmlapse. Are He
. 1 1988 :
n45-4
8. Karl,, PC . T,Jik AI . Hynes J K . et a]. Diac-wsis and ciessitnction of
nrral erdl arcunsin by Iwodimensinnal adncartngrephy : repml of RO
cersecauce arum, j Am Coil Cardin] 19B5 ;6r 1370-82 .
9 . DePuce SL . hasten RL Kotler MN, Will, G5. Two dumwsieaal who-
candlo8raphicdetectionofinlraalrinlrrwse. Am1Cardiol1981 :-8954-
nl.
it), A,kcy 1S . Cherry CB . Thremonembolism mmciated Dish auricular
nh, d nwa-JAMA 19501&19
7
-102_
11 . Schwa- P. Bd., P
. Erbd R ct al . Drram- tell &trial thrombi by
e.bocardragmphy . Be Heart 1198r.o5 :141- 6,
C . Shre,Ihu NKL sforene FL . Narciso F . Tomes L
. Callelo HR. Two-
dimernional echocandittla-aphe, diagno s of left at,,[
thrombus in rhea
mur, Mart disease. Crreulatnoo 1983:6'vu1-7 .
I3. SLkd1FL .9srngerOW .ElsbereerJ .Anderson WR HndgiaM
.Regienal
	tare of blood in dl sfunctienal left ten
:ode-
. echocardiographlc dmnwi on
and differentiation from early rhromtaaui5 . Circulation 19ic,ul
155-63.
lA
Sictl H. Ceelho ICU, Spitos
D G . et a1. Ghraronographv of eloarl during
n. Imtst Radiol 3481 :1671-6
li
IL-,,S
AnmnrIIG-SnnanM .1fia.mG.Rrzzonl'.Dynemsml-ev
dart tell anal echo in mitral stenasis
. Am 1 Cordial 1985 :55 :603-6 .
16 D:mis or, Ndl. ..rn I: . Schnwler E . Daniel BN. Recasts ki P . NiRima
P . Left
anal
spontanews ezh, a
wnrre.s t m mina) .sloe disease: an
md~r,ror nor an rene,etd huomt
.,rmso6c risk
.
I .Nee Cult Cardlut
1988 :11 .1104-1I .
I' Cmtello R. Peamun .AC . all 1,11 .Al, Wall- P
. Alriat lpornaneoue
,s itspats,msundergeingrmucecophagealecheeard :nrn
.phy:prev-
alenceand clinical impbcations . Arts Cordial 1990.65 :1IG9-53 .
IN . Hreer PT. Schalz DG . Words WD
.'nadence and site or pram
h-men o, ale during the nrsI 10 decades of
1, fee an aurnpsy sway of 965
--d ncatrs- Morn Clin Proc 1984.99 I7-20.
19. HanenJR.TeagueSM
.Anderson JL
.VaytesWF.ThadamL .Climratly
.dent aural septal defects with render for cerebral embolnearion. An
Imcr,, stud 1986 :105 :695-7.
'n. I cabal PH. Man JL. La.caull G . n; nI. Prevalence of patent fommeomafe
in patent . with stroke. N hngl I Med 1908 .318 .1145- 2.
l l . Sri- SID . Dorset' IS. Aneurysmu of the septum pnmum m sdullt. Arch
Parhol Lab Mcd 1978 :102 :5'_-5.
_'. Gaiter B. Makrgue SIC. Adams C . et ai. Atrid sepal anmrysm : s
roles, ci cause of sysuemlc embabne ae r,irmeeioa_raphic study . Br
Heart 1 1995 :53
:29'_-7.
-3. Belkm RN . Hunritz B1. Kilo J. Arrel
squall
arieurysm : aswiasrn
..nn anenru .a,pwar .e,S ped
v
neal rm6nhr e .ert . . Stroke 19e7 .IB :ash_
'1. Omen : HIM . ltmighner DR. Fuylnr OW . en ml . Feobcn ovidence reading
nal ulee prolapse ra cerebral ischermc evens . N Eug1I Mod 1980 :
30' 134-44 .
''- 5 . Lsarne R.A. Salhogtanms L . Newell JB, Herrigan P . Weymnn AE .
Re,er,ideration of eehmardiegruphic standards 50, urinal edit pro-
72
	
PEARSON Lr AL.
IRANSISSIWHAGEAL li:IIlK'ARIJIOGRAPHY IN STROKE
lapse : lack of association between leaflet displacement isolated to the
apical lour chamber vices and mdcpcndcnt cchanrdiagmphic evidence of
abnormality . 1 Am Cell Card l.1 1988)1 :1010-9 .
26 . Daniel WG, Annermann C, Enaberding R, et al
. Transesophageal echo-
cardiography in patients with cerebral ischemic evens and arterial
embolism : a European muhicenter study labnrl . Circulation 1989.
8l(nuppl11)11 .471.
JACE Vol . 17, No. I
January 1991.66-72
27 . Zenker G. ErIel R. Kramer G. et al. Transesophageal two-dimensional
echocardiography in young patients with cerebral ischcmi, events . Stroke
1988 :19:145-8.
28 . Stratton JR, Light, OW Jr, Pearman AS, Ritchie 1L . Dean
Ilol,
of left
ventrinl6 r thrombus by two dimensional cchm..fiography : sensitivity,
specificity, end muses of uncerlatnly . Circulation 1982 :66 :156-66.
